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$[$ 12, 13, 14, 16$]$ .
[17] G. J. Jariusz ,





, $B$ 1 , $Z$ $B$ , $\rho$ $B$
, $D$ $B$ (p-derivaiton) . , $D$ $B$ $B$
$D(\alpha\beta)=\alpha D(\beta)+D(\alpha)\rho(\beta)(\alpha, \beta\in B)$ . $B[X, \rho, D]$
$\alpha X=X\rho(\alpha)+D(\alpha)(\alpha\in B)$ .
$A/B$ (separable extension) $A\otimes_{B}A$ $A$ A-A-
$a\otimes barrow ab$ (splits) . $A/B$ H- (H-separable
extension) $A\otimes_{B}A$ $A$ A-A-




$f$ $B[X;\rho, D]$ $fB[X;\rho, D]=B[X;\rho, D]f$
. $B[X;\rho, D]/fB[X_{J}\cdot\rho, D]$ $B$ free
.
$B[X;\rho, D]/fB[X;\rho,$ $D]$ $B$ (resp.H$arrow$ ) ,
$f$ $B[X;\rho, D]$ (resp.H- ) .
$H$- , . ,
, ,
. .
$D=0$ $B[X;\rho,$ $0]=B[X;\rho]$ ,
$\rho=1_{B}$ $B[X;1_{B}, D]=B[X;D]$ .
2
. $\rho D=D\rho$ ([27, 28]) 2
.
[7] , $B[X;\rho]$ $p$ H-
$B$ $Z$ $Z^{\rho}$ $<\rho|Z>-$
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. [10] , $B[X;D]$ 2 $H$- ,
$B$ . $B$ $P$
.
,f $=X^{p}-Xa-b\in B[X;D]$ .
$[$4, Corollary 1.7] ,fB $[$X, $D]=B[X;D]f$
.
$D(a)=D(b)=0$, $a\in Z$ and $D^{p}(\alpha)-D(\alpha)a=\alpha b-b\alpha(\alpha\in B)$ .
:
$B[X;D]_{(0)}=B[X;D]$ $g$ $gB[X;D]=B[X\cdot D]g$
.
$B^{D}=\{\alpha\in B|D(\alpha)=0\},$ $Z^{D}=\{\alpha\in Z|D(\alpha)=0\}$ .





1.1. ([23, Theorem 3.2]) $f=X^{p}-Xa-b\in B[X;D]_{(0)}$ .
$f$ $B[X;D]$ , $y=$
$X^{p-1}d_{p-1},+X^{p-2}d_{p-2}+\cdots+Xd_{1}+d_{0}\in B[X_{\backslash }D]$ $\alpha y=y\alpha(\alpha\in B)$
$D^{*p-1}(y)-ya=1$ .
[4] , $p$- .
1.2. ([4, Theorem 4.1]) $f=X^{\rho}+X^{p^{\epsilon-1}}\alpha_{e}+\cdot\cdot$ $+X^{p}\alpha_{2}+X\alpha_{1}+\alpha_{0}\in$
$B[X;D]_{(0)}$ . $f$ $B[X;D]$
, $y=X^{p^{\epsilon}-1}d_{p^{\epsilon}-1}+X^{p^{\epsilon}-2}d_{p^{\epsilon}-2}+\cdots+Xd_{1}+d_{0}\in B[X;D]$
$\alpha y=y\alpha(\alpha\in B)$ $D^{*p^{\epsilon}-1}(y)+D^{*p^{e-1}-1}(y)\alpha_{e}+\cdots+D^{*p-1}(y)\alpha_{2}+D*(y)\alpha_{1}=1$
.
[5] , $H$- .
1.3. ([5, Lemma 1.5]) $f=X^{p}-Xa-b\in B[X;D]_{(0)}$ , $I=fB[X;D]$
. $f$ $B[X;D]$ $H$- ,
$y_{i_{j}}z_{i}\in B[X;D]$ $\deg y_{i}<p,$ $\deg z_{i}<p,$ $\alpha y_{i}=y_{i}\alpha,$ $\alpha z_{i}=z_{i}\alpha(\alpha\in B)$




[24] , $D=0$ , $f=X^{p}-Xa-b\in$
$B[X]_{(0)}$ $f’=-a$ $Z$
. 1.1 .





$(C_{3})Z$ (semiprime ring) .
1.1 .
2.1. $f=X^{p}-Xa-b\in B[X;D]_{(0)}$ . (Cl) (C2) ,
$f$ $B[X;D]$ , $z\in Z$
$D^{p-1}(z)-za=1$ .
. $f=X^{p}-Xa-b$ . $y=X^{p-1}d_{p-1}+X^{p-2}d_{p-2}+\cdots+$
$Xd_{1}+d_{0}$ 1.1 . $(C_{1})$ , $y$ $z$
. (C2) . $\alpha y=y\alpha(\alpha\in B)$ ,
$\alpha d_{p-1}=d_{p-1}\alpha$ $(p-1)D(\alpha)d_{p-1}=d_{p-2}\alpha-\alpha d_{p-2}$
. $u_{i},$ $v_{i}\in Z$ $\sum_{i}D(u_{i})v_{i}=c$ $Z$ .
$D(u_{i})d_{p-1}=0$ , $\sum_{i}D(u_{i})v_{i}d_{p-}i=cd_{p-1}=0$ . $d_{p-1}=0$ .
$y=d_{0}\in Z$ . 1.1 .
[13] . $p=3$
$p$ .
2.2. ([14, Theorem 2.2]) $f=X^{p}-Xa-b\in B[X;D]_{(0)}$ , $Z$
. $f$ $B[X:, D]$ ,
$z\in Z$ $D^{p-1}(z)-az=1$ .
. $f$ $B[X;D]$ . 1.1 , $y=X^{p-1}d_{p-1}+$
$X^{p-2}d_{parrow 2}+\cdots+Xd_{1}+d_{0}\in B[X;D]$ $\alpha y=y\alpha(\alpha\in B)$ $D^{*p-1}(y)-$
$ya=1$ . .
(1) $d_{p-1}\in Z,$ $(p-1)D(\alpha)d_{p-1}+\alpha d_{p-2}=d_{p-2}\alpha(\alpha\in B)$ .
(2) $D^{p-1}(\alpha)d_{p-1}+D^{p-2}(\alpha)d_{p-2}+\cdots+D(\alpha)d_{1}+\alpha d_{0}=d_{0}\alpha(\alpha\in B)$ .






. $\alpha=d_{p-1}\in Z$ , $\{D(d_{p-1})\}^{2}=0$ . $Z$



















(6) $d_{p-1}^{2}=D^{p-1}(d_{0})d_{p-1}^{2}=0$ . $Z$ , $d_{p-1}=0$
. $d_{p-2}=\cdots=d_{1}=0$ .
$y=d_{0}\in Z$ . .
3. $H$-
$H$- . 13 $\{y_{i}, z_{i}\}$ $Z$
.
, .
3.1. ([14, Theorem 3.1]) $f=X^{p}-Xa-b\in B[X;D]_{(0)}$ . $Z$
. $f$ $B[X;D]$ $H$- ,
$y_{i},$ $z_{i}\in Z$
$\sum_{i}D^{p-1}(y_{i})z_{i}=1$ , $\sum_{i}D^{k}(y_{i})z_{i}=0(0\leq k\leq p-2)$
.
14
. 13 , :
$y=X^{p-1}d_{p-1}+X^{p-2}d_{p-2}+\cdot\cdot 0+Xd_{1}+d_{0}$ $B[X;D]$ $\alpha y=y\alpha(\alpha\in B)$
,y $=d_{0}$ , ,y $\in$ Z .
$\alpha y=y\alpha(\alpha\in B)$ .








. [10, Lemma 2.1] , $(p-1)d_{p-1}^{3}=0$ ,
$d_{p-1}^{3}=0$ . $Z$ ,dp-l $=0$ . ,




(C2) $D(Z)$ $Z$ .
$(C_{3})Z$ (semiprime ring) .
[32, Theorem 8] .
3.2. ([14, Theorem 3.2]) $(C_{1})-(C_{3})$
. :
(1) $B[X;D]$ $p$ $H$- $f$
(2) $B[X;D]_{(0)}$ $p$ , $Z$ rankp $Z^{D}$- ,
$Hom(Z,Z)=Z[D|Z]$ , , $Z/Z^{D}$ S. Yuan([34]) 1
.
(3) $B[X;D]_{(0)}$ $p$ , $y_{i},$ $z_{i}\in Z$
$\sum_{i}D^{p-1}(y_{i})z_{i}=1$ , $\sum_{i}D^{k}(y_{i})z_{i}=0(0\leq k\leq p-2)$
.
, { $g|g$ $B[X;D]$ $H$- } $=\{f+c|c\in Z^{D}\}=\{g|g$
$B[X\}D]_{(0)}$ $p$ }.
. [5, Theorem 3.3] (2) (3) $(C_{1})-$
$(C_{3})$ .
(3) $\Rightarrow(1)$ 13 .
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(1) $\Rightarrow(3)$ . [5, Theorem 3.3] , $(C_{1})$
. (C2) , 2.1 , $y=X^{p-1}d_{p-1}+X^{p-2}d_{\rho-2}+$
$+Xd_{1}+d_{0}\in B[X;D]$ $\alpha y=y\alpha(\alpha\in B)$ ,y $=d_{0}$ , , $y\in Z$
. 13 $\{y_{i}, z_{i}\}$ $Z$ .








$B$ $Z$ $z$ $D(z)$ ,f $B[X;D]$
$H$- . , $z$ , $f$ $B[X;D]$
.
. $A/B$ G-
, $A$ $G$ $B=A^{G}(A$
$G$ ) , $x_{i},$ $y_{i}\in A$ $\sum_{i}x_{i}\sigma(y_{i})=\delta_{1,\sigma}(\sigma\in G)$
. $\delta_{1,\sigma}$ . $\{x_{i},y_{i}\}$ $A/B$
G- . G-
. $f$ $B[X;D]$ $fB[X;D]=B[X;D]f$
. $f$ $B[X;D]$ , $G$
,B$[X, D]/fB[X;D]$ $B$ G- . H-
.
, .
4.1. ([18, Theorem 1.1 and Corollary 1.1]) $f=X^{p}-X-b\in B[X;D]_{(0)}$
. $f$ $B[X;D]$ .
. .
$S=B[X;D]/fB[X;D]$ , $x=X+fB[X;D]\in S$ .
$\sigma$ : $Sarrow S$ $\sigma(\sum_{i}x^{i}d_{i})=\sum_{i}(x+1)^{i}d_{i}$ , $\sigma$ $S$ $P$
$B$- . $G=<\sigma>$ . $S^{G}=B$
.
$a_{j}=j^{-1}\sigma^{j}(x)$ $b_{j}=(-j^{-1})x(1\leq j\leq p-1)$
.
$\Pi_{j=1}^{p-1}(a_{j}+b_{j})=1$ $\Pi_{j=1}^{p-1}(a_{j}+\sigma^{k}(b_{j}))=0(1\leq k\leq p-1)$
$S/B$ G- . , $S$
$B$ G- . .
( 44) , .
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42. $f=X^{p}-Xa-b\in B[X;D]_{(0)}$ . $z\in Z$
$D(z)=1$ , $f=X^{p}-b$ , , $a=0$, $f$ $B[X;D]$ H-




. $\alpha=z$ . $D(z)=1$ ,a $=0$
. $0\leq i\leq p-1$ ,xi $=-z^{i},$ $y_{i}$. $=z^{p-i-1}$ $\langle$ . ,
.
$\sum_{i=0}^{p-1}D^{p-1}(x_{i})y_{i}=1$ $\sum_{i=0}^{p-1}D^{k}(x_{i})y_{i}=0(0\leq k\leq p-2)$ .
13 ,f $=X^{p}-b$ $B[X;D]$ $H$- .
,z $Z$ . $B$ $\Delta=z_{\ell}D=zD$ .





$\alpha Y=Y\alpha+\Delta(\alpha)$ $(\alpha\in B)$
. $B[X;D]=B[Y;\triangle]$ $Y^{p}=(zX)^{p}=(Xz+1)^{p}=(Xz)^{p}+1=$
$X^{p_{Z^{P}}}+Xz+1$ . $Y^{p}-Y=(X^{p}z^{p}+Xz+1)-(Xz+1)=X^{p}z^{p}=$
$(f+b)z^{p}=fz^{p}+bz^{p}$ . 4.1 $g=Y^{p}-Y-bz^{p}=fz^{p}$ $B[Y;\triangle]$
. $B[X;D]=B[Y_{1}\cdot\Delta]$ $fB[X;D]=B[X;D]f=$
$gB[Y;\Delta]=B[Y;\Delta]g$ , $f$ $B[X;D]$
.
42 .
4.3. $f=X^{p}-b\in B[X;D]_{(0)}$ $z\in Z$ $D(z)=1$
, $f$ $B[X;D]$ $H$ - . , $z$ $Z$
, $f$ $B[X;D]$ .
.
4.4. ([12, Theorem 3.3]) $f=X^{P}-Xa-b\in B[X;D]_{(0)}$ .
$z\in Z$ $D(z)$ $Z$ ,f $B[X;D]$ H-
. ,z $Z$ , $f$ $B[X;D]$ .
17





$\Delta(z)=1$ ,cp-la $+\Delta$p-l $(c)c^{-1}=0$ . $\Delta^{p}=I_{bc^{p}},$ $bc^{p}\in B^{\Delta}$
. $Y=cX$ .
$\alpha Y=Y\alpha+\Delta(\alpha)$ $\alpha Y^{p}=Y^{p}\alpha+\triangle^{P}(\alpha)$ $(\alpha\in B)$
$B[X;D]=B[Y;\Delta]$ $l^{rp}-b\theta=\theta f$ .
43 , $Y^{p}-bc^{\rho}$ $B[Y|\Delta]$ $H$- .
$f$ $B[X;D]$ $H$- .
44 .
45. $B$ $D|Z\neq 0$ , $f=X^{p}-Xa-b\in B[X;D]_{(0)}$
$B[X;D]$ $H$ - .
4.6. $B$ $D\neq 0$ , $f=X^{p}-Xa-b\in B[X;D]_{(0)}$
$B[X;D]$ $H$ - .
.
4.7. $k$ $p$ , $B=k[t]$ . $D= \frac{d}{dt}$
, $D^{p}=0,$ $D(t)=1$ $B^{D}=k[t^{p}]$ . $u\in k[t^{p}]$
, $f=X^{\rho}-u$ $B[X;D]$ $H$ - . $B’=k[t, t^{-1}]$ , $D$
$B’$ $D$ , $u\in k[t^{p}, t^{-p}]$ , $f=X^{p}-u$
$B$‘ $[X; D]$ $H$ - . , $\Delta$ $=t \frac{d}{dt}$
, $\Delta$p– $\Delta$ $=0,$ $\Delta(t)=t$ $B^{\Delta}=k[t^{p}]$ . $u\in k[t^{p}]$
, $g=Y^{p}-Y-u$ $B[Y;\Delta]$ . , $\Delta$p-l $(B)$
$B$ $B$ ,[5, Theorem 3.1] $g$
$B[Y;\Delta]$ $H$ .
5. $D|Z=0$
[6] , : $D|Z=0$ . $f=X^{p}-Xa-b\in B[X;D]_{(0)}$
. $f$ $B[X;D]$ ,a
$B$ .
.
5.1. ([16, Theorem 2.1]) $D|Z=0$ . $f=X^{p^{\epsilon}}-Xa-b\in B[X;D]_{(0)}$ ,
$e$ . $f$ $B[X;D]$
,a $B$ .
18
. [4, Corollary 1.7] ,fB $[X; D]=B[X|D]f$
:
$D(a)=D(b)=0$ , $a\in Z$ and $D^{p^{e}}(\alpha)-D(\alpha)a=\alpha b-b\alpha(\alpha\in B)$ .
$f$ $B[X;D]$ , 12 $y=X^{p^{e}-1}d_{p^{e}-1}+$
$X^{p^{e}-2}d_{p^{g}-2}+\cdots+Xd_{1}+d_{0}\in B[X, D]$ $\alpha y=y\alpha(\alpha\in B)$
$D^{*p^{e}-1}(y)-ya=1$ . , $\alpha y=y\alpha(\alpha\in B)$ $d_{p^{e}-i}\in Z$
, $D(d_{p^{\epsilon}-1})=0$ .
(7) $\alpha D^{*k-1}(y)=D^{*k-1}(y)\alpha(\alpha\in B)$
(8) $D^{k}(d_{p^{e}-k})=0(1\leq k\leq p^{e})$
.
(7) (8)













, $D^{p^{\epsilon}arrow 2}(d_{0})\in Z$ , (10) , $1=D^{p^{e}-1}(d_{0})-ad_{0}=-ad_{0}$ ,
$a$ $B$ .
,a $B$ . $a\in Z^{D}$ , $D(a^{-1})=$
$0$ . $y=-a^{arrow 1}$ , $D^{p^{e}-1}(y)-ya=1$ $\alpha y=y\alpha(\alpha\in B)$ .
, 12 $f$ $B[X;D]$ .
5.1 ,[14, Theorem 3.3] .
5.2. $D|Z=0$ . $f=X^{p^{\epsilon}}-Xa-b\in B[X;D]_{(0)}$ . $f$
$B[X;D]$ $H$ - . , $X^{p^{\epsilon}}-Xa-b$
$B[X;D]$ H $arrow$ .
19
, $f$ $B[X;D]$ $H$- . :
$y=X^{p^{e}-1}d_{p^{\epsilon}-1}+X^{p^{\epsilon}-2}d_{p^{e}-2}+\cdots+Xd_{1}+d_{0}\in B[X;D]$ $\alpha y=y\alpha(\alpha\in B)$
, $D^{*}(y)=0$ .
$D|Z=0$ , 5.1 , $D^{k}(d_{\rho^{e}-k})=0(1\leq k\leq$
$p^{e})$ . $D^{*p^{e}}(y)=0$ . $D^{*p^{\epsilon}}(y)-D^{*}(y)a=yb-by=0$
, $D^{*}(y)a=0$ . $f$ $H$- , .
5.1 , $a$ $B$ , $D^{*}(y)=0$ .
[5, Lemma 1.5] , $y_{i},$ $z_{i}\in B[X;D]$ $\deg y_{i}<m$ ,
$\deg z_{i}<m,$ $\alpha y_{i}=y_{i}\alpha,$ $\alpha z_{i}=z_{i}\alpha(\alpha\in B)$
$\sum_{i}D^{*m-1}(y_{i})z_{i}\equiv 1(mod I)$ , $\sum_{i}D^{*k}(y_{i})z_{i}\equiv 0(mod I)(0\leq k\leq m-2)$
. , , $D^{*}(y_{i})=0$ .
$\sum_{i}D^{*m-1}(y_{i})z_{i}\equiv 1(mod I)$ .
. $f$ $H$- .
, .
1. $D|Z=0$ . $f=X^{p^{e}}+X^{p^{c-1}}\alpha_{e}+\cdots+X^{p}\alpha_{2}+X\alpha_{1}+\alpha_{0}$ $B[X:D]$
, $fB[X;D]=B[X;D]f$ . $f$
$B[X;D]$ , $a$ $B$
?
2. $D|Z=0$ . $B[X;D]$ ( 2 ) $H$-
?
. [10, Theorem 2.2] , $B[X;D]$ $m\geq 2$ $H$-
$f$ , $B$ $p$ , $f$ .
$f=X^{p^{e}}+X^{p^{e-1}}\alpha_{e}+\cdots+X^{p}\alpha_{2}+X\alpha_{1}+\alpha_{0}$ , $m=p^{e}$ . 2
.
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